Objective: To develop and validate a novel FFQ to assess the daily intake of four methyl-group donors (methionine, choline, betaine and folate). Design: The relative validity of the FFQ was assessed by comparison with 7 d estimated diet records (n 80) and its reproducibility was evaluated by repeated administrations 6 weeks apart (n 92). Paired Student t tests were used to compare group means and de-attenuated intra-class correlations to investigate the ability of the FFQ to rank individuals according to their methyl-group donor intake. De-attenuated intra-class correlation coefficients were calculated between the test and reference method for methionine, choline, betaine, folate and the sum of methyl-group donors. The weighted kappa (κ w ) was calculated as a measure of tertile agreement. Setting: Flanders, Belgium. Subjects: The FFQ was validated among Flemish women of reproductive age (18-35 years). Results: The questionnaire had an acceptable ranking ability (r = 0·32-0·68; κ w = 0·10-0·35), but overestimated the daily intake of folate (280·6 μg v. 212·0 μg) and betaine (179·1 mg v. 147·0 mg) compared with the 7 d estimated diet record. Cross-classification analysis indicated that 20 % (choline) of the participants were grossly misclassified in the validation study. The correlation between repeated administrations was good (r = 0·62-0·83) with a maximal misclassification of 7 % for betaine (κ w = 0·44-0·66). Conclusions: These results indicate that this newly developed FFQ is a reliable instrument with acceptable validity for ranking individuals according to methylgroup donor intake (except for a poor agreement for choline (κ w = 0·10) and a fair ranking ability for betaine (r = 0·32)) in Flemish women of reproductive age.
The impact of nutrition on the methylome has received much attention over the past years (1) . The methylome describes the distribution of methylated sequences within a given genome without changes to the DNA sequence itself. In man, DNA methylation takes place at the C-5 position of cytosine in CpG dinucleotides (1) . One-carbon metabolism is central to the methylation of DNA (Fig. 1) . The main nutrients implicated are methyl-group donors and cofactors including methionine, choline, betaine, folate, vitamin B 6 and vitamin B 12 , which are all derived from the diet. Consequently, any dietary factor influencing this pathway may affect DNA methylation (2, 3) . The transfer of a methyl group to DNA depends on the availability of S-adenosylmethionine. S-Adenosylmethionine is derived from methionine, which is de-methylated through the action of DNA methyltransferases to S-adenosylhomocysteine (4) . S-Adenosylhomocysteine is hydrolysed to homocysteine in a reversible reaction that strongly favours S-adenosylhomocysteine synthesis compared with hydrolysis. Homocysteine can leave the methionine cycle through the transsulfuration pathway or can be re-methylated back to methionine with vitamin B 12 acting as a cofactor and 5-methyltetrahydrofolate acting as substrate (5) .
In the context of a prospective observational study investigating the relationship between the intake of maternal methyl-group donors during each trimester of pregnancy and offspring DNA methylation, an instrument assessing the daily intake of methyl-group donors was needed. At study onset, no such tool was available since food composition databases for betaine and choline only recently became available (6) . It is preferred to use FFQ over diet records or 24 h recalls, because they have shown to be more suitable and accurate in assessing long-term or habitual exposure to specific nutrients involved in onecarbon metabolism (e.g. folate) (7) . Studies on the effect of maternal diet and the methylome of the offspring are showing the importance of maternal nutrition. Heijmans et al. (8) explained the long-term effects of prenatal famine on the offspring methylome. They found an average decrease of 5·2 % in DNA methylation on the insulin-like growth factor 2 (IGF2) gene locus, showing that maternal undernutrition (low intake of methyl-group donors) can indeed have persistent effects on the offspring throughout adulthood. A similar study by Tobi et al. (9) suggested that famine exposure (in utero) only held a long-term effect on the offspring IGF2 gene when the exposure was periconceptional. On the other hand, Steegers-Theunissen et al. (10) found that periconceptional supplementation of mothers with 400 μg of folic acid (methyl-group donor) daily was associated with epigenetic changes (4·5 % higher DNA methylation) in the same IGF2 locus in the child.
A novel, self-administered, semi-quantitative FFQ was designed to estimate the daily intake of methionine, choline, betaine, folate and the sum of methyl-group donors in women of reproductive age (18-35 years) . The aim of the present study was to assess the validity and reproducibility of the FFQ using the 7 d estimated diet record (7 d EDR) as reference method. The reproducibility of the FFQ was determined by administering the FFQ at two time points (6 weeks apart) to the same group of women, so that the association between the two responses could be assessed. Also the validity of the FFQ was determined to assess the degree to which the FFQ agreed with the reference method (7 d EDR). Even a subtle change in the design of the FFQ or the use of the FFQ in different demographic groups and cultures might affect its performance, so each new FFQ should be validated (11) .
Materials and methods

Study design
A total of 296 women of reproductive age (18-35 years) were invited to participate in the study. Female students or employees of the Catholic University of Leuven were asked to take part in the study. An invitation letter, sent through mail or personally delivered, informed the participants about the aim of the study. They were asked to return their first completed FFQ (FFQ1) and their written consent in a sealed envelope. Six weeks later the second FFQ (FFQ2) together with the 7 d EDR was distributed to only those participants from whom we received FFQ1. Participants were instructed to fill in the FFQ at day one, to start the 7 d EDR at day two, and to put the dates of completion on the documents. Detailed instructions for filling in the FFQ and EDR were given. The field work of the validation and reproducibility study was carried out from February to March 2012. Of the 296 women invited to participate in the study, 161 women (54 %) returned FFQ1. The 161 women were again invited to take part in the second phase of the study and of them ninety-eight (61 %) completed FFQ2 and the 7 d EDR. Only FFQ without missing values were included in the reproducibility study, so after exclusion of incomplete FFQ and outliers ninety-two women were included in the analysis. Similarly, only complete 7 d EDR including seven completed record days and containing sufficiently detailed descriptions of the food products (including brand names, the food type (e.g. the use of whole, semiskimmed or skimmed milk, the type of bread used, etc.)) and portion sizes (expressed as household measures, standard units (e.g. a medium-sized apple) or units like grams or litres) consumed could be used in the validation study; so after exclusion of incomplete 7 d EDR eighty women were included in the analysis.
The study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the UZ Leuven-Committee for Medical Ethics (reference number: ML7975). Written informed consent was obtained from all participants.
FFQ
The Flemish, self-administered, semi-quantitative FFQ contained questions on the average consumption of fifty-one food items during the past 3 months (see online supplementary material, Part 1). The time frame of 3 months was chosen because this FFQ will be used to assess the intake of maternal methyl-group donors during each trimester of pregnancy. The concept and structure of the FFQ were based on a previously developed and validated FFQ estimating usual daily fat, fibre, alcohol, caffeine and theobromine intakes among Belgian postmenopausal women (12) . However, the food list included in our newly developed FFQ (fifty-one food items) was adopted considering our study aims, namely to estimate the daily intake of methionine, choline, betaine, folate and the sum of methyl-group donors. Food items included in an FFQ should be eaten reasonably often by the population and/or contain a substantial amount of one or more nutrients of interest (11) . The fifty-one food items included in our FFQ were food items that are part of the Belgian diet (National Food Consumption Survey) and/or had a high nutrient content (>90th percentile) of one the four methyl-group donors. All food items were listed according to their nutrient content (from high to low) and the top 10 % food items were selected. Participants were asked to indicate their answer from a list of frequencies: 'never or less than once per month'; '1-3 days per month'; '1 day per week'; '2-4 days per week'; '5-6 days per week'; or 'every day' (13) . The FFQ also contained three to five daily portion size categories per food item and a list of common standard measures as examples. For some food groups, additional questions were asked regarding the type, such as specific type of fruit juice. All returned FFQ were reviewed for completeness and written comments. Frequency data from the FFQ were converted to servings per day (e.g. 1 serving/ week = 0·14 serving/d) to standardize the different frequency categories by means of a common unit (servings/d). Portion size categories were converted to a portion (grams) per serving by considering the mean of the portion size range that was chosen by the participant. The usual food intakes were computed by multiplying the servings per day with the portion size per serving. Usual nutrient (methionine, choline, betaine and folate) intakes were calculated by multiplying the usual food intakes with the nutritional value per 100 g of product. The food composition data were based on the Dutch NEVO food composition database (14) for folate, the German BLS nutrient database (15) for methionine and the US Department of Agriculture (USDA) database for the Choline Content of Common Foods (6) for choline and betaine. The USDA database was also used for the nutrient content of folate and methionine if not found in the NEVO and BLS database, respectively. Databases of neighbouring countries or the USDA database for choline and betaine content were used since the Belgian food composition database NUBEL (16) does not contain the four nutrients of interest.
Estimated diet record (reference method)
In the present relative validation study the 7 d EDR was chosen as the reference method. The participants were given guidelines for filling in their diary and we also provided one correctly filled in day as an example. The participants were asked to report all consumed foods and drinks over seven consecutive days. In the 7 d EDR, days are subdivided into six eating occasions (breakfast, morning snacks, lunch, afternoon snacks, dinner and evening snacks). Detailed information on the type (including brand names, the food type (e.g. use of whole, semi-skimmed or skimmed milk, the type of bread used, etc.)) and portion size (expressed as household measures, standard units (e.g. a medium-sized apple) or units like grams or litres) of the foods consumed was collected using an open entry format. Only complete food diaries, including seven completed record days and containing sufficiently detailed descriptions of the food products and portion sizes consumed, were taken into consideration. In total seventeen EDR had to be excluded because of incomplete data. The complete 7 d EDR were coded and entered into a diet entry and storage program (NUBEL Voedingsplanner (17) ) using a manual on food portions and household measures (18) . Methionine, choline, betaine and folate are not included in the Belgian food composition table NUBEL (16) , so the diet records were linked to the same food composition databases as for the FFQ (Dutch NEVO food composition database (14) , the USDA database for the Choline Content of Common Foods (6) and the German BLS nutrient database (15) ). Some typically Belgian food products like 'speculaas', a type of shortcrust biscuit, are not included in the USDA database. For these products, the choline and betaine content of the American variety was entered in the database. For example, a ginger biscuit was used for the choline and betaine content of 'speculaas'.
Statistical analysis
Statistical analyses were carried out using the statistical software package IBM SPSS for Windows version 20·0. Results were considered statistically significant at a twotailed α level of 0·05. Tests for normality of the data were performed using the Kolmogorov-Smirnov test. Data were normally distributed for the validation study and reproducibility study (after exclusion of three outliers with unusual eating behaviours); consequently only parametric tests were used during analysis. Means and standard deviations of the four methyl-group donating nutrients and the sum of all were estimated from the FFQ and 7 d EDR. Paired Student's t test was used to determine significant mean differences. Associations were described using intraclass correlations. Correlations ranging from 0·00 to 0·25 indicate weak or no relationship; those from 0·25 to 0·50 suggest a fair degree of relationship; values of 0·50 to 0·75 are moderate to good; and values above 0·75 are considered good to excellent (19) . In the validity study, the de-attenuated intra-class correlation coefficients were calculated to correct for within-person variation in the 7 d EDR. This de-attenuated correlation is calculated as the ratio of the inter-individual (true between-subject variation in usual intake) CV to the intra-individual (day-by-day variation in intake, day-of-the-week variation in females) CV (20) . Agreement between the 7 d EDR and the FFQ at an individual level was assessed using mean difference, standard deviation and limits of agreement of the difference, and visually represented in a Bland-Altman plot (21) . Individual results for nutrient intake estimated by the 7 d EDR and FFQ were classified into tertiles to assess the questionnaire's ability to rank individuals according to the intake as in the 7 d EDR (13) . The percentage classified into the same and opposite tertile was calculated. Agreement between both methods was assessed using weighted kappa (κ w ) statistics, calculated with a linear set of weights (22) . The measurement error of the FFQ was analysed using 'actual values for surrogate categories' (13) . One-way ANOVA test was used to determine significant differences in means between tertiles. Specificity was defined as the proportion of those with a daily intake above the guidelines (23) (24) (25) on the basis of the 7 d EDR who also fell above the guidelines on the FFQ (true negatives). Sensitivity was the proportion of those with a daily intake below the guidelines on the basis of the 7 d EDR who also fell below the guidelines on the FFQ (true positives). The positive predictive value was the proportion of those identified by the FFQ as having an inadequate intake who actually had an inadequate intake (according to the 7 d EDR). The negative predictive value was the proportion of those identified by the FFQ as having an adequate intake who actually had an adequate intake (according to the 7 d EDR; see online supplementary material, Part 2).
Results
Validation study
In total, eighty women were included in the validation study. Table 1 presents the characteristics of the study participants. Women included in the validation study had a mean age of 23 (SD 4·1) years (range 18-35 years), a mean weight of 60 (SD 9·6) kg, a mean height of 1·68 (SD 0·05) m and a mean BMI of 21·7 (SD 3·2) kg/m 2 . Twenty-six women (32·5 %) were employed at the time of the study, so fifty-four participants (67·5 %) were students. Only two women (2·5 %) smoked at the time of the study. 
Mean intakes of methionine, choline, betaine, folate and the sum of methyl-group donors (SUM) estimated with the 7 d EDR and the FFQ, mean differences, and raw and de-attenuated intra-class correlation coefficients are presented in Table 2 . The FFQ overestimated the intake of folate and betaine in comparison with the 7 d EDR.
The mean intakes of folate and betaine were significantly different, but fair to good de-attenuated correlation coefficients ranged from 0·32 (betaine) to 0·68 (folate). The mean difference in methionine intake between FFQ1 and the 7 d EDR was −33·3 (SD 600·6) mg/d, demonstrating that the FFQ underestimated methionine intake. The mean differences in choline, betaine, folate and SUM intakes between the two methods were 2·3 (SD 104·2) mg/d, 32·1 (SD 78·0) mg/d, 68·6 (SD 88·0) μg/d and 1·27 (SD 733·0) mg/d, respectively, demonstrating that the FFQ overestimated choline, betaine, folate and SUM intakes compared with the 7 d EDR. This is shown graphically in Bland-Altman plots (Fig. 2) , which reveal that outliers widened the limits of agreement and made the plots more divergent. This divergent pattern could indicate increasing bias with increasing intakes. Cross-classification analysis indicated that about half of the participants (40-54 %) were classified correctly, while 9 % (methionine) to 20 % (choline) of them were grossly misclassified (Table 3) . Results from the κ w statistics showed fair agreement between the FFQ and 7 d EDR (0·21 for betaine to 0·35 for methionine and SUM), but a poor agreement for choline (0·10). Actual values for surrogate FFQ tertiles showed a progressive increase in 7 d EDR intakes of methionine, betaine, folate and SUM between the first and third FFQ tertile (Table 4) with statistically significant differences in mean intake between the tertiles for all nutrients except for choline. The specificity and sensitivity of the FFQ, for indicating women with lower nutrient intake than the recommended daily intake, were 87 % and 37 % for folate, 33 % and 97 % for choline, and 100 % and 100 % for methionine, respectively. The positive and negative predictive values were 76 % and 55 % for folate, 97 % and 33 % for choline, and 100 % and 100 % for methionine, respectively. The specificity and sensitivity of the FFQ for betaine could not be calculated since there is no recommended daily intake for betaine.
Reproducibility study
In the reproducibility study, ninety-two women were included. Table 1 presents the characteristics of the study participants. Women included in the reproducibility study had a mean age of 23 (SD 3·9) years (range 18-35 years), a mean weight of 60·2 (SD 9·8) kg, a mean height of 1·68 (SD 0·06) m and a mean BMI of 21·7 (SD 3·1) kg/m 2 . Twenty-seven women (33·7 %) were employed at the time of the study, so sixty-five participants (66·3 %) were students. Only two women (2·1 %) smoked at the time of the study. Mean intakes of methionine, choline, betaine, folate and SUM from FFQ1 and FFQ2 were significantly different and correlation coefficients ranged from 0·62 (betaine) to 0·83 (folate; Table 5 ). Cross-classification analysis indicated that 1 % (methionine) to 7 % (betaine) of the participants were grossly misclassified, while more than half of them (57-71 %) were classified correctly (Table 6) . Results from the κ w statistics showed moderate to good agreement (0·44 for betaine to 0·66 for methionine).
Discussion
Validation study
The FFQ has an acceptable ranking ability (r = 0·32-0·68; κ w = 0·10-0·35), but in general overestimates the daily intake of folate (280·6 μg v. 212·0 μg) and betaine (179·1 mg v. 147·0 mg) compared with the 7 d EDR. Cross-classification analysis indicated that 20 % (choline) of the women were grossly misclassified in the validation study.
Based on the comparison of means, the FFQ seems to overestimate the mean intakes of folate (which has also been reported in previous studies (26) (27) (28) ) and betaine compared with the 7 d EDR. Unfortunately, we could not determine whether this was due to over-reporting, because our FFQ was not designed to estimate energy intake. A possible explanation is the contribution of vegetables to total folate intake. In our FFQ, vegetables contributed 34 % of total folate intake, which is comparable to the 36 % found in another FFQ (28) . Fruit and vegetables are most often over-reported in FFQ (29) , possibly because these are socially desirable foods (30) . Another explanation 
SUM, sum of methyl-group donors; 7 d EDR, 7 d estimated diet record; FFQ1, first administration of the FFQ; ICC, intra-class correlation coefficient. *Paired Student's t test was used to determine significant differences between means. †De-attenuated ICC.
for this overestimation of folate is the long list of vegetables in the FFQ contributing to the discrepancy in intake between the FFQ and 7 d EDR, since estimates of vegetable intake have been shown to be related to the number of questions asked (31) . A possible reason for the overestimation of betaine by the FFQ is that the betaine values assigned to the food items in the 7 d EDR might be more accurate (because of higher level of detail in the food descriptions) than the aggregated values assigned to the food groups in the FFQ. Another potential explanation might be that some of the food groups high in betaine have been overestimated by the women due to several possible reasons: difficulties in assessing the frequency of consumption of such large food groups, socially desirable behaviour, etc. These possible reasons should be investigated further in future research.
Associations between dietary instruments (FFQ and EDR) measured by correlation coefficients should be at least 0·40 and optimally in the range of 0·50-0·70 in order to rank persons reliably (13) . Because the de-attenuated correlation coefficients observed in the present study are between 0·40 and 0·68, we can conclude that the FFQ has a good ranking ability (except for betaine (0·32)). In the present study we found a de-attenuated correlation of 0·68 for folate. Longnecker et al. (26) compared nutrient intakes assessed with diet records and an FFQ with 116 food items in 138 men and women. For folate, they found a de-attenuated Pearson correlation coefficient of 0·42, which 
7 d EDR, 7 d estimated diet record; SUM, sum of methyl-group donors. *One-way ANOVA was used to determine significant differences in means between tertiles. 
SUM, sum of methyl-group donors; FFQ1, first administration of the FFQ; FFQ2, second administration of the FFQ; ICC, intra-class correlation coefficient. *Paired Student's t test was used to determine significant differences between means. is lower than the de-attenuated correlation coefficient found in the present study (0·68). Pufelete et al. (28) developed a short FFQ to assess folate intake and validated it against a 7 d weighed diet record. For women, the correlation coefficient between the two methods was 0·30. A higher de-attenuated Pearson correlation coefficient for folate (0·77) was found by Sevak et al. (27) . They validated an FFQ with 207 food items against 24 h recalls in 100 women. No correlation coefficients for betaine and choline were found in the literature, since a food composition database only became available a few years ago (6, 32) . Also, no validation papers that assess the intake of methionine using an FFQ were found in the literature.
The present cross-classification analysis showed that the FFQ classified 40 % of the women for choline and 54 % for the sum of methyl-group donors in the same tertile, and that there was a maximal misclassification of 20 % for choline. The κ w values showed a fair agreement between the FFQ and 7 d EDR, but a poor agreement for choline. Sevak et al. (27) reported a moderate agreement (κ w = 0·44) for folate between their FFQ and multiple 24 h recalls. They found that the FFQ classified 41 % of the women in the same quartile for folate, as opposed to the 51 % found in the present study. A lower misclassification of 5 % (16 % in the present study) and a similar classification of 45 % (41 % in the present study) in the same tertile for folate (in women) was found by Pufulete et al. (28) , who developed a short FFQ to assess folate intake (in men and women) and validated it against a 7 d weighed diet record.
Since the actual values for surrogate tertiles showed the expected significant stepwise increase in nutrient intake, we concluded that the FFQ could reliably distinguish extreme nutrient intakes (except for choline).
The Bland-Altman plots showed large limits of agreement (mean difference ± 2 SD) between the two methods, indicating the limited use of the FFQ to estimate nutrient intake for individuals. The observed divergence in these plots suggests a greater difficulty in estimating nutrient intake with higher mean nutrient intakes. However, the FFQ was developed to classify and rank participants according to their intake in an epidemiological setting, not to assess intake at an individual level.
Also, the FFQ is not a good tool to use at an individual level for estimating the intake of folate with the Belgian Health Council guidelines (23) as reference values, because 33 % of the women would lose the possibility of receiving a required intervention (daily folate intake <200 μg). The specificity and sensitivity of the other nutrients were more acceptable.
Reproducibility study
The correlation between repeated administrations was good (r = 0·62-0·83) with a maximal misclassification of 7 % for betaine (κ w = 0·44-0·66).
Lower mean intakes of all of the nutrients (7-12 % lower) were observed in the second questionnaire administration. Villamor et al. (33) found similar results when they assessed maternal intakes of folate, vitamin B 12 , choline, betaine and methionine during the first and second trimesters of pregnancy. For betaine and choline a lower mean intake was found during the second trimester of pregnancy, an increase in mean intake was found for methionine, and no changes were found in mean intake for folate. Seasonal variation cannot explain this difference because both FFQ were administered during spring. A possible explanation is that boredom was higher and motivation was lower during the second administration.
In the present study, the intra-class correlation coefficients between the first and the second FFQ ranged from 0·62 for betaine to 0·83 for folate. These good correlations between the repeated administrations indicate that the random response error, sometimes due to lack of interest or motivation of the respondent, is rather small. In reproducibility studies, the correlation coefficients generally range from 0·5 to 0·7. Bidulescu et al. (34) reported correlations of 0·49 (folate) and 0·48 (choline) in men and women aged 45-64 years using a version of the Willett sixty-one-item FFQ. A study on intake of methyl-group donors during the first and second trimesters of pregnancy using a 166-item FFQ showed correlations of 0·32, 0·55, 0·51 and 0·43 for folate, choline, betaine and methionine, respectively (33) . These correlations are lower than the correlations reported in the present study: 0·83 (folate), 0·80 (choline), 0·62 (betaine) and 0·78 (methionine). This lower correlation for folate (0·55) was also found by Longnecker et al. (26) . On the other hand, a high correlation for folate (0·72) was also found by Pufulete et al. (28) who similarly assessed the intake of folate (in women) with a short newly developed FFQ.
The cross-classification analysis and κ w values indicated a moderate to good agreement between the repeated administrations, with a maximal misclassification of 7 % for betaine.
Strengths and limitations
To our knowledge, the present study is the first validation study that assesses the intake of methyl-group donors with a newly developed FFQ designed for these specific nutrients. This FFQ will be used in an observational study, providing us with a convenient and reliable instrument to rank individuals according to their intake of methyl-group donors (11) . A key step in the validation process is the selection of a reference method for the tool to be validated against. Since there is no gold standard, it is important that the errors of both methods are as independent as possible. The EDR was chosen as reference method in the present study. Unlike the FFQ method, the EDR does not depend on memory, is moreover open-ended and involves direct estimation of portion size (11) . The EDR also takes into account the within-person variability in food intake, which is necessary because in women there is a strong dayof-the-week effect (20) . Therefore intra-class correlations were corrected for attenuation, which improved the correlations for all nutrients. EDR (instead of weighed diet records) were used because they have the same order of accuracy when ranking individuals and the respondent burden is lower (35) . Food diaries with seven consecutive recording days were used to deal with day-to-day variation and to cover all days of the week equally. Seven consecutive dietary records might decrease the subject compliance and therefore decrease the accuracy of the dietary records collected at the end of the 7 d period. Therefore, we compared the energy intake calculated during the first three record days with that calculated during the last three record days. There was no significant difference (P = 0·121) between energy intakes from the first 3 d and last 3 d. Structured diaries, as well as an example for filling in the EDR, guided the women to report all consumption, even for easily forgotten snacks such as soft drinks and candy. In the literature we found a wide range in sample sizes to assess validity and reproducibility, with a median of 110 participants. A sample size of at least fifty, and preferably 100 or more participants, is desirable (11) . Because the performance of a dietary assessment instrument depends on the characteristics of the study population and considering the target population in which the FFQ will be used, women of reproductive age (18-35 years) were recruited, leaving us with a large sample size and homogeneous group of women.
A limitation of this method is that it requires high motivation of the participants (many recording days), lack of which may lead to under-reporting of intake and inadequate food description (13) . In the present study, 61 % of the participants returned two FFQ and an EDR. This is a good response rate knowing how intensive it is to fill in the 7 d EDR. It was higher than the 15 % response rate seen in other validation studies (36) . Women who filled in an EDR were promised nutritional advice in return, leading to some selection bias of volunteers who are more concerned about health and diet. But forcing non-motivated women to participate in the study might influence the quality of the data as well (37) . A limitation for the reproducibility study could be a possible memory effect during completion of the second FFQ as women could possibly remember what they filled in 6 weeks ago. Furthermore, because of dietary changes, for example food cravings and aversions, nausea, vomiting (38, 39) , during pregnancy and even possible dietary restrictions (e.g. restrictions to avoid toxoplasmosis), it might be more difficult to complete such FFQ during pregnancy. However, because of logistical reasons it was not feasible to perform this validation study in a group of pregnant women.
One methyl-group donor, folic acid, derived from the diet is missing from our FFQ. In Belgium many food items, for example breakfast cereals, are enriched with folic acid. At this time point there is no list available of food items enriched with folic acid in Belgium, and folic acid is not included in the Belgian food composition database.
Food folate (without folic acid) was used to calculate the daily folate intake, since the fortification of products is different in other countries. Therefore the intake of folic acid could not be calculated. A last limitation is the use of food composition databases from different countries. Differences between databases include description of foods, calculation of nutrient content, recipe calculation, etc. (40) .
Conclusion
The results found in the present validation and reproducibility study indicate that the FFQ is a reliable instrument with acceptable validity for ranking according to methylgroup donor intakes (except for a poor agreement for choline (κ w = 0·10) and a fair ranking ability for betaine (r = 0·32)) in Flemish women of reproductive age.
